Objective: To assess the usability and acceptance of activity tracking technologies by older adults. Method: First in our multimethod approach, we conducted heuristic evaluations of two activity trackers that revealed potential usability barriers to acceptance. Next, questionnaires and interviews were administered to 16 older adults (M age = 70, SD age = 3.09, range age = 65-75) before and after a 28-day field study to understand facilitators and additional barriers to acceptance. These measurements were supplemented with diary and usage data and assessed whether and why users overcame usability issues. Results: The heuristic evaluation revealed usability barriers in System Status Visibility, Error Prevention, and Consistency and Standards. The field study revealed additional barriers (e.g., accuracy, format) and acceptance-facilitators (e.g., goal tracking, usefulness, encouragement). Discussion: The acceptance of wellness management technologies, such as activity trackers, may be increased by addressing acceptance-barriers during deployment (e.g., providing tutorials on features that were challenging, communicating usefulness).
two important categories of facilitators and barriers are perceived ease of use (PEOU) and perceived usefulness (PU). According to these models, a favorable intent (i.e., a behavioral inclination) to use a technology results from high PEOU and high PU.
Although there have been several studies investigating older adults' technology acceptance (Chen & Chan, 2011 , few have examined changes in acceptance over extended periods of time (e.g., Peek et al., 2014) . Studies that have examined older adults' acceptance after usage have focused on technologies other than activity trackers (e.g., Son, Park, & Park, 2015) . Moreover, only a few case studies have explored older adults' acceptance of activity trackers (Fausset et al., 2013) . A better understanding of the barriers and facilitators that older adults face when using activity trackers could guide deployment strategies and promote use. Examining attitudes and intentions about activity trackers over time may be a particularly useful method to elicit barriers and facilitators to acceptance because the user will have more time with the technology and may have the opportunity to use it in a variety of contexts.
Study Overview
We examined the potential barriers and facilitators to activity tracker acceptance for older adults in a multimethod, two-phase study. In Phase 1, we analyzed two activity trackers using Nielsen's (1994) heuristics for user interface design to assess overall usability that could elucidate barriers related to PEOU and PU. In Source. (a) Fitbit One: http://www.pcmag.com/article2/0,2817,2411271,00.asp; (b) www. Fitbit.com Phase 2, to further understand barriers to acceptance and to determine facilitators to acceptance, we analyzed the attitudes of 16 older adults before, during, and after they were given an activity tracker to use. The field study included questionnaires and interviews that allowed for informed user feedback (both negative and positive) to emerge and provided insight into acceptance over time.
Phase 1: Heuristic Evaluation

Method
We conducted a comprehensive evaluation of the degree to which two popular activity trackers deviated from Nielsen's (1994) 10 usability heuristics for interface design. One of the authors conducted the primary heuristic analyses and the analyses were reviewed by two of the other authors for clarity, approval, and revisions. The two technologies evaluated were Myfitnesspal. com and the Fitbit One. Myfitnesspal.com and the Fitbit One are representative of commonly available activity trackers.
Myfitnesspal.com is a free online website where users can manually enter foods consumed and exercises performed. Users can also keep track of other information on custom logs (e.g., cigarettes) and join online communities. Myfitnesspal.com is primarily marketed as a calorie-counting application.
The Fitbit One is commercially available and also offers food, exercise, and other logs. The Fitbit One has two elements: an online website and a wearable activity tracker. Fitbit.com users can also manually enter data, such as food consumed, and join communities. However, the Fitbit One will also automatically input some data from its wearable device, such as steps walked and time slept. The Fitbit One is marketed as a wireless activity and sleep tracker.
Results
The most concerning violations of Nielsen's heuristics related to issues of Consistency and Standards, Visibility of System Status, and Error Prevention. Violations of these heuristics, and the possible user difficulties created by them, are presented in Table 1 . Some violations were unique to a particular activity tracker, such as the lack of labeling a delete function on Myfitnesspal. com or the lack of adequately communicating battery levels on the Fitbit One. However, analysis of the two trackers also revealed similar challenges, such as inconsistent navigation bars and advertisements in misleading colors (e.g., premium hyperlinks in the same color as free hyperlinks).
All the heuristic violations relate to ease of use barriers to acceptance. For example, the inconsistent navigation bars may make it difficult for users to know where to go on the website. The last three violations in Table 1 also May make it difficult for users to discriminate services that are part of the activity tracker and those that are not.
Other small blue links for adding a new measurement (e.g., glucose) did not allow the user to enter in more boxes, and rather prompted the user to purchase a premium service.
May cause users to end up on pages they did not want to be on.
Myfitnesspal.
com Some advertisements along the banners of the website were in similar colors to those of Myfitnesspal.com (orange and blue).
Links to "Related Ads" were in the themed colors of orange and blue.
Color meaning changed across graphs
Fitbit.com Progress graphs on the dashboard did not use the same colors consistently on all graphs.
Having to learn new associations may make reading multiple graphs more challenging. relate to usefulness barriers. These violations could cause data to not be recorded, to be inaccurate, or to be deleted, all of which would decrease the accuracy of the information reported by the trackers. Inaccurate information is less useful than accurate information and is thus a barrier to acceptance. All PEOU and PU heuristic violations could possibly decrease acceptance.
Discussion
The heuristic evaluation provided an understanding of potential barriers that could decrease PEOU and PU. However, it remained unknown how influential these barriers were for acceptance, if these barriers were the only barriers older adults encounter, and what facilitators might aid acceptance despite such barriers. Phase 1 thus provided usability barriers and a context to interpret older adult users' comments about their interactions with activity trackers in Phase 2. Participants in Phase 2 were not made aware of the usability testing results so as not to influence their experiences.
Phase 2: Field Study
Overview of Field Study
We conducted a longitudinal field study to understand the barriers and facilitators to the acceptance of activity trackers by older adults. In particular, we elicited dislikes and negative comments to understand additional barriers as well as likes, perceived benefits, and positive comments to understand facilitators from 16 novice users for activity trackers aged 65 to 75. Prior to being given either Myfitnesspal.com or the Fitbit One, participants completed questionnaires about their initial perceptions of activity trackers. Participants also communicated their initial attitudes about these trackers in a short interview. Participants received an activity tracker to use for 28 days, during which usage data and diaries of their experiences were documented. To assess acceptance at the end of the usage period, questionnaires were readministered and final interviews were conducted.
Method
Participants. Sixteen older adults (eight females) between the ages of 65 and 75 (M = 70.06, SD = 3.09) were recruited from an at-home testing laboratory, Georgia Tech Homelab (http://homelab.gtri.gatech.edu/), and all participants completed the study (IRB [institutional review board] Protocol H13316). Participants had a working computer in their home but no previous experience using an activity tracker. Participants were compensated US$100. Thirteen participants identified themselves as Caucasian and three participants identified themselves as African American. Half of the sample reported having a formal education of a bachelor's degree or above.
Materials. All materials were pilot tested (Fausset et al., 2013) and revised where necessary.
Initial questionnaires. Participants completed six questionnaires prior to receiving their activity trackers. The Background and Health Information questionnaire requested general demographic and health information, and information about physical activities and eating habits (modified from Czaja et al., 2006) . The Technology Experience Profile (TEP) questionnaire (Barg-Walkow, Mitzner, & Rogers, 2014) assessed familiarity with a variety of technologies (e.g., mobile phone, automated teller machine) on a scale from 1 (not sure what it is) to 5 (used frequently). When scored, the TEP has general technology breadth score ranging from 0 to 36 and a technology use frequency score ranging from 0 to 3. The Activity Tracking Technology Opinions questionnaire began with a brief introductory description of activity trackers and contained three subscales of PEOU, PU, and Intention to Use, totaling 15 items. The anchors of these 7-point scales ranged from 1 (extremely unlikely) on the low PEOU, PU, and intention to use side, to 7 (extremely likely) on the high PEOU, PU, and intention to use side. The items of each of the subscales were averaged, resulting in ranges between 1 and 7. The neutral midpoint on these scales was 4. We modified these items from Davis (1989) and Venkatesh et al. (2003) , such that "job" was replaced with "daily life," "system" was changed to "activity tracking technology," and each of the seven points had its own label rather than only having anchors at the extreme ends of the scale.
The following questionnaires were also administered, but were not the focus on this article, and therefore the data are not included: Self-Efficacy for Health Management (Becker, Stuifbergen, Oh, & Hall, 1993) , Locus of Control for Health (Wallston, Wallston, & DeVellis, 1978) , and Exercise Motivation (Markland & Ingledew, 1997) .
Initial interview. The initial interview included nine questions designed to elicit dislikes, likes, potential uses, and other opinions regarding activity trackers. Follow-up questions were asked when needed. In this article, we consider comments from the following three questions in the initial interview:
1. What don't you like? Why? 2. What did you like about it? Why? 3. Are there any ways you think this technology could benefit you? If so, please explain.
Diary. The diary contained three prompts designed to capture factors that influence acceptance and that emerge over use:
1. Please describe any difficulties that you had with your technology today. 2. Please describe anything new that you learned about your technology today. 3. Please comment about any thoughts and/or experiences you had while using your technology today.
Usage data. Usage data were obtained from the servers of manufacturers by using the unique identifier assigned to each participant. These data included the date and time participants synced information and the information entered by participants (e.g., the foods they logged).
Final questionnaires. The final set of questionnaires consisted of the Activity Tracking Technology Opinions questionnaire (modified from Davis, 1989; Venkatesh et al., 2003) and the following questionnaires not reported here: Self-Efficacy for Health Management (Becker et al., 1993) , Locus of Control for Health (Wallston et al., 1978) , and Exercise Motivation (Markland & Ingledew, 1997) .
Final interview. Twelve questions were asked after the 28-day field study to elicit opinions (e.g., dislikes, likes, perceived benefits) after usage. Follow-up questions were asked when needed. This article examines the four questions from the final interview that were related to PEOU and PU facilitators and barriers:
1. What did you dislike about this technology? 2. What did you like about this technology? 3. What were the benefits to you for using this technology over the past weeks? 4. How do you think other adults your age would benefit from using this technology?
Full scripts of the interviews and complete coding schemes are available from the authors.
Procedure. Questionnaires were mailed to participants prior to the initial home visit. At this first home visit, participants were interviewed about their opinion of activity trackers and knowledge of pedometers and calorie trackers. To ensure participants all had basic information on activity trackers, they were then given a short introduction to their assigned activity tracker that consisted of a less than 5-min long promotional video, a user-account set-up, and a brief tour of the corresponding website. Then participants were asked the initial interview questions, which lasted about 5 min.
In the first 2 weeks of use, participants were emailed the diary to complete daily. Participants were called briefly at the midway point of the study for a check-in. During the second 2 weeks of the study, participants were emailed the diary twice a week. Data on the online websites, either manually entered or automatically uploaded data, were recorded throughout the field study.
The final questionnaires were mailed to participants prior to the final interview. In this interview, participants were also asked a series of questions as to whether their activity tracker met their expectations, whether additional help or instruction was desired, what they would change about their tracker, whether they would use the tracker in the future, and how much they would pay for the tracker. Interviews were conducted by trained research assistants who had explained to participants that the purpose of this project was to investigate people's usage of and attitudes about an activity tracking technology. Final interviews lasted about 10 min. The Fitbit One devices were collected at the final home visit interviews. Both the initial and final interviews were recorded and transcribed.
Design. Eight participants were given Myfitnesspal.com and eight participants were given the Fitbit One to use for 28 days. If two spouses were recruited for the study, both participants were assigned the same tracker to avoid influences from observing different features on a spouse's different tracker. With this exception, activity tracking technology assignment was random. Independent variables included tracker assignment (Myfitnesspal. com or the Fitbit One) and usage (pre or post). Dependent variables reported here include (a) scale measures of intention to use, PEOU, and PU; (b) statements of dislikes and negative comments of the trackers as barriers; and (c) statements of likes, benefits, and positive comments of the trackers.
Results
All participants recorded data on their tracker's website for at least 18 days, with three recording data between 23 and 27 days and 12 recording data all 28 days. Chi-square and t tests indicated that the Myfitnesspal.com and Fitbit One groups did not differ in age, gender, education, race, self-reported general health, technology experience, initial intentions to use, or final intentions to use, p > .05. Therefore, when possible, we collapsed the data across activity trackers.
Subjective health and exercise activities. On average, participants reported their health as good or very good, M self-ratings of health = 3.47 (1 = poor and 5 = excellent; SD = .54, range = 2.5-4). None of our participants were wheel-chair users. When describing their weekly physical activities, 11 participants walked, six completed housework, four engaged in yard work, and four took part in water exercises. All other physical activities were reported by only two or fewer participants (e.g., golf, tai-chi, shopping, volunteer work, socializing). Half of the participants stated they were not on any diet. Of the other eight participants who reported a particular diet, four watched their carbohydrate intake. Other diet concerns were mentioned only by individual participants (e.g., cholesterol, meat type, salt, alcohol).
Questionnaires. Participants were moderately experienced with technology ( Table 2) . On intention to use, PEOU, and PU, most participants had favorable attitudes toward their activity trackers with scores above the neutral midpoint of 4 both before and after usage. The means for intention to use, PEOU, and PU did not change considerably over usage. However, the change in range over the study for intention of use was notable. Four participants, all of whom were initially at or above the midpoint of 4 on the 1 to 7 scale, fell below 4 in their intention to use after usage. In addition, no participants initially scored a 7 in their intention to use. However, after usage, three participants scored a 7 on intention to use. Therefore, most participants initially perceived activity trackers moderately favorably, but after trying the trackers, participants became more polarized in their acceptance of activity trackers. To investigate the reasons behind intention to use, and the roles of PEOU and PU barriers and facilitators to acceptance, we examined the interview and diary data.
Coding schemes. Because the nature and depth of comments varied across the methods used, data analysis and codes differed among the initial interview, diaries, and final interview. Coding schemes were developed based on the findings from the heuristic evaluation, and the pilot study (Fausset et al., 2013) . The initial interview and diaries also influenced the coding scheme for the final interview. Thus, some codes were identified in advance. However, additional codes were also derived from the data to complete the coding schemes.
Initial interview. The interview questions relating to dislikes, likes, and perceived benefits were examined by one coder for emerging themes. As expected for users with limited experience, participants often expressed having yet to form an attitude, with statements such as "I won't know until I use it." In particular, they appeared to have unformed attitudes about potential barriers to acceptance. Indeed, 15 participants responded to "What don't you like? Why?" with an answer of "no {nothing}," "I'm not sure yet," or a positive comment about the tracker. The one participant who provided a dislike gave a general answer of "probably doing it."
Where initial attitudes had formed, they tended to be positive. Positive attitudes emerged as responses of likes and potential benefits, both of which could act as facilitators to acceptance. Across questions, most participants made positive comments about either the calorie tracker or the activity tracker features, as illustrated by this Fitbit One user, "It appears that there are several things you can do. Given your activity level, your calorie level . . . And you actually put in what you eat? That's cool." These comments revolved around the categories of PEOU and PU. For PEOU, participants liked the trackers' presentations (e.g., simplicity, format), as this Myfitnesspal.com participant explained, "The program was easy to read." With regard to PU, the majority of participants stated they believed the activity tracker would benefit them by encouraging healthier habits, often through setting and tracking goals: "I think it will encourage me to continue exercising. Probably inform me of what I need to eliminate more of out of my diet"-Myfitnesspal.com User.
In sum, after only a brief introduction to activity trackers, participants mentioned several facilitators, such as easy to use formats and potential uses, including meeting diet or exercise goals. Participants did not initially name potential barriers or usability challenges, such as those identified in the heuristic evaluation. However, diary data and final interview data revealed that some challenges emerged over time. Diary. Most participants adhered to completing the diaries: Eight participants completed all 18 entries, four participants completed between 75% and 100% of entries, one participant completed between 50% and 75% of entries, and three participants completed 25% to 50% of entries. Diary comments were coded as positive, negative, or neutral, and were excluded if unrelated to activity trackers. This coding scheme was developed to determine the participants' overall affect toward the trackers and the reasons underlying those affects. Each tracker-related noun and verb combination was considered an idea unit, regardless of the occurrence of multiple units in the same response to a question (e.g., "I like the fact that my Fitbit keeps track of my steps and converts the steps into miles" counted as two positive tracker-related comments). Responses to "Please describe any difficulties that you had with your technology today" were coded as negative, unless participants explained that the difficulty was somehow not negative. Percent agreements by two independent raters were greater than 90% for each code. Therefore, coding results from Rater 1 are presented here. Over the course of the study, participants made 125 negative comments, 128 positive comments, and 80 neutral comments. Table 3 provides examples of participants' comments.
In examining underlying themes, the negative comments revealed potential barriers of accuracy and time. Related to PEOU, users raised concerns about the amount of time involved in using their trackers, especially when entering data. For example, adding foods to the calorie trackers, particularly homemade foods, was described as difficult. In the negative comments related to PU, some participants found their calorie logs or exercise trackers inaccurate (although other participants felt the opposite). Inaccurate information decreases PU.
The positive idea units contained some broad comments on liking the activity tracker, but the more detailed comments revolved around PEOU and PU. For PEOU facilitators, participants thought that the activity tracker was easy to use and that the help sections supported use. For example, Myfitnesspal. com users found the website very complete, frequently discussing the extensive food database. The extensive databases often had one-click nutrients auto-fill, which requires less time and effort than manually entering nutrition information. Necessary time and effort was also low in the case of Fitbit One's automatic logging, as demonstrated by this participant's comment "Keystrokes were saved by activating the sleep mode instead of having to key the time." Fitbit One users also liked the help section, which explained how to use various features (e.g., the sleep function).
The value of viewing progress over time was a theme in the positive comments that related to PU. In addition, some of the above PEOU trends also related to PU, as illustrated by this Myfitnesspal.com user's comment "I was able to look up foods by the name of their manufacture [PEOU of the extensive food database]. This makes tracking foods and drinks more accurate. [PU]." Fitbit One users tended to explain additional benefits of the clip-on logging device (e.g., accuracy, sleep tracker, silent alarm features). For example, one participant stated "Maybe I could show my doctor my sleep data if my problem's with returning to sleep after a bathroom visit." Indeed, when looking at the barriers and the facilitators together under the categories of PEOU and PU, it is clear that the patterns in the comments, not the sheer number of comments, drove favorable intentions to use. In a PEOU example, participants described using the help sections when navigating usability challenges. This suggests that by mitigating the barriers that emerged in the negative comments (i.e., usability challenges), the facilitators that emerged in the positive comments (i.e., usefulness) can dominate acceptance.
With regard to PU, many users desired to bring the automated device of the Fitbit One into the pool to track water exercises, but it was not waterproof. Here, participants wanted to use the activity tracker more to get what they perceived as greater benefits. That is, they wanted to track more, thereby increasing the automatic tracking (decreasing manual entry time, increasing ease of data entry), increasing the accuracy of daily totals, and increasing the potential benefits. Thus, it is only because the automatic logging of data tends to be a facilitator that not being able to automatically log a particular type of exercise may be commented on negatively.
Final interview
Data segmentation and general coding scheme development. Four questions from the final interview were coded to further explore barriers to acceptance and the facilitators that can influence users to overcome those barriers. Data were segmented by questions that included dislikes, likes, benefits to the participants, and benefits to other users. Two of the lengthiest interview transcripts were used to develop and revise all four coding schemes. Two raters independently coded these two transcripts, with coding scheme revisions occurring between the two transcripts. Codes were applied once for each nonrepetitive statement such that the frequency of each code is the number of participants that expressed that like, dislike, or perceived benefit. After reaching interrater agreement above 80% for all revised coding schemes and coming to consensus on disagreements, one rater coded six of the transcripts and the other rater coded the remaining eight of the transcripts. The data from all 16 transcripts are described below.
Barriers. The Dislikes coding scheme was developed to capture which features or functions were disliked and why (Figure 3) . Overall, inaccuracies coupled with difficult formats (e.g., layout, how information is added), particularly in entering data on food logs, were the main barriers to acceptance.
PEOU. Many of the dislikes revolved around usability issues, including participants finding the format difficult, especially for the food tracker. This was from design issues that left participants not knowing how to add foods to the database, not understanding how the tracker worked, and not knowing how to optimally customize it: Yeah, when you can't delete when you made a mistake, because a couple times I entered an item twice. Because I would go to the database to look it up, and then sometimes it would be in the database but it would not move to that next icon where you could add it. So I would go back to the database and I don't know what would happen, but I would look up and it would be on there twice. (Myfitnesspal.com User, Format) I didn't utilize that calorie counting thing at all. Because I know nothing about calorie counts on food. That would have been a major job to keep up with all of that because you have so many calories per serving. It would take so much research to figure all that stuff out -I didn't even attempt that. (Fitbit One User, Food Tracker) Sometimes I had difficulty considering the amount of food I ate, finding it in the search. Because sometimes I would eat half that; it took me a little while to figure out how to compensate for that. (Myfitnesspal.com User, Difficult to Use) PU. The most frequently mentioned dislike was perceived inaccuracy, as demonstrated by the statement "One day it wasn't registering what it should have registered. It had to do with the sleep . . . "-Fitbit One User, Accuracy Code. Other PU barriers were rare.
Facilitators. The Likes coding scheme was developed to capture which features or functions were liked and why they were liked (Figure 4) . The identical Benefits to You and Benefits to Others coding schemes were designed to capture perceived benefits and potential uses ( Figure 5 ).
PEOU. Facilitators related to PEOU mainly emerged in the likes question, for which users most frequently mentioned liking features of individual trackers, namely, the exercise logs and food logs. For the exercise log, Fitbit One users tended to discuss the automatic logging of data, as illustrated here: "Well I liked the way it [the automatic tracking device] keeps up with your physical activity." When talking about liking the food log, many users mentioned that it became easier to log with experience: "Once I learned the technology it became easier and fun to track my intake of food"-Myfitnesspal. com User, Food Tracker.
Based on usage data, the physical activity and food trackers were most frequently used by the older adults in our study, instead of sleep, blood pressure, mood, or other customizable measures (e.g., cigarettes). However, it is not clear whether these other trackers were not used because (a) participants simply had no desire to use them despite being easy to use or (b) they were not used because of PEOU barriers.
PU.
In answering likability questions, participants clearly recognized potential uses for activity trackers. For instance, one user described how Myfitnesspal.com could help with goal tracking: I liked being kept aware of the calories per day because I didn't always stay under the goal. And 1,200 calories is what mine was and that's difficult. It really lets you know. I like the line where it had your goal and then it had the bar. I could see how many days I went over.
Related to setting and meeting goals, other participants explained that the activity trackers encouraged them and made them more aware of their exercise and their food consumption, as observed in this excerpt: "I liked the fact that it goads you" [Interviewer: "Like cons you into exercising?"] "Yeah, and that's not a negative thing."-Fitbit One User, Encouragement. Also related to PU, participants stated that they liked that their health information could be viewed and liked that the activity tracker was useful in general.
When answering how the activity trackers could benefit themselves, participants tended to give specific benefits. In congruence with the likes, the most frequently reported benefits to participants were that the activity trackers provided encouragement, awareness about food intake, and awareness about exercise. The following examples illustrate some benefits participants found for themselves in using their activity trackers:
Keeping me in tune to my walking. There's a couple of times I went over the 10,000. I think even when you got to five it was nice. So it just lets me know okay if I'm feeling okay, you can do a little bit more today. So it encouraged me to go out and walk a little bit more. (Fitbit One User, Encouragement) Note. Fifty-eight likes were coded over 15 responses. One participant only stated "I just don't know" for the likes question. Only codes with at least two responses are presented here. Like codes that only received one response were Accuracy, Graphs, Helpful, Other, Puzzlelike, Supports Wellness Management, and Website. Figure 5 . Benefits mentioned at least twice in the final interviews.
Note. Twenty-nine benefits were mentioned across 14 segments in response to "What were the benefits to you for using this technology over the past weeks?" and 34 benefits were mentioned in 15 participant responses to "How do you think other adults your age would benefit from using this technology?" because some participants stated the activity trackers had not benefited them or were unsure how it could benefit others. The following codes had one response to the benefits to yourself question: Helped With Sleep, Helped With Exercise, Graphs, Memory Aid, Convenience, and Awareness About Sleep. The following codes had one response to the benefits to other questions: Awareness About Exercise, Helped Meet Goals, Learned About Wellness.
It really gave me an overview of my eating. Is it really balanced? Maybe you don't need that candy. (Myfitnesspal.com User, Helped With Diet) These quotes demonstrate that older adults felt they could personally benefit from activity trackers after using them.
Participants mostly spoke in general terms when asked about benefits to others (e.g., "In looking at my sister and her husband, I think they would benefit from it."-Fitbit One User, Meets Needs or General Usefulness). Nonetheless, when specific uses were mentioned, they were generally relevant to how the trackers could help with dieting, increase the level of awareness of food intake, and provide encouragement. However, one unique theme that was discussed as a benefit to others was being able to track diseases, as explained by this Myfitnesspal.com user: I think, particularly, [for] those with specific diseases or conditions that require their food to be closely monitored both by content and balance, [this] would be really helpful. I think if you had someone with an eating disorder and you needed to monitor their intake. I think those are the primary benefits that I see in it.
Results from the final interview question about dislikes of the activity trackers showed usability barriers. However, despite these challenges, participants used their trackers and described many facilitators related to PEOU and PU. Results from the final interview were consistent with those of the questionnaires, initial interview, and diary. Overall, the results suggest that older adults think activity trackers could be very useful for promoting healthy habits. However, the older adults valued the ability to accurately log information in an easy format.
Discussion
The goal of this study was to examine the acceptance of activity trackers by older adults. This emerging technology has the potential to help older adults with health self-management, self-efficacy, and healthy habits. Despite this potential, most older adults do not use activity trackers for their health-tracking needs and instead rely on pen-and-paper documentation or no documentation at all (Fox & Duggan, 2013) .
It is possible that older adults may not use activity trackers because of usability barriers. Heuristic evaluations revealed potential PEOU and PU barriers to acceptance in the areas of Consistency and Standards, Visibility of System Status, and Error Prevention. As a PEOU Consistency example, Myfitnesspal.com allowed exercises to be entered with a dropdown menu on some, but not all, of the exercise entry pages, which could make it difficult for users to know how to enter data. As a PU Visibility of System Status example, it was difficult for users to easily know the sensitivity setting of the Fitbit One device, which could cause inaccurate automatic data logging. A PEOU Error Prevention violation left the delete function for the food log of Myfitnesspal.com unlabeled and made the format for adding/deleting foods challenging. The PEOU and PU heuristic violations revealed in our evaluations provided background into potential user experiences.
To assess how older adults experienced the potential usability barriers identified in the heuristic analyses, we conducted a longitudinal field study in which 16 older adults used fitness trackers. We also examined whether additional barriers existed for older users beyond those identified in the heuristic analyses, and investigated facilitators of acceptance. Consistent with our heuristic analyses, the field study results were also related to PEOU and PU. For PEOU, some participants found the format for adding, deleting, or editing logs difficult, especially on the food log. For PU barriers, participants sometimes perceived the automatic tracking device of the Fitbit One and the database information online (e.g., nutrients per portion) as inaccurate. PEOU facilitators included automation (e.g., the Fitbit One device, auto-fill food logs), the completeness of the websites, and the help sections. PU facilitators frequently revolved around the purposes of activity trackers, which is to help meet health goals by promoting awareness of health habits. Participants reported PEOU and PU facilitators initially, during, and at the end of the study.
TAM predicted that PEOU and PU would emerge as categories of barriers and facilitators that drive acceptance across time. The results from PEOU and PU categories suggested that to minimize barriers and increase facilitators for older adults through design, activity trackers should (a) automatically log exercise data; (b) have simpler, clutter free logs, especially for food; and (c) maintain their easy-to-view summary information that allows for goal setting, goal monitoring, habit awareness, and encouragement. Decreasing barriers and increasing facilitators through design may promote the acceptance of activity trackers.
A second pattern that emerged over time was that many of the older adults in our study had favorable intentions to use activity trackers. This may have been because our participants were given the opportunity to try out their trackers without financial cost or permanent obligations to use, thereby lowering their perceived costs (Rogers, 2003) . Low-risk or low-cost trial periods may be one way to encourage the use of activity trackers. Indeed, any strategy that decreases the amount of costs relative to the amount of benefits may promote acceptance.
The value-based adoption model (VAM; Kim, Chan, & Gupta, 2007) captures a cost-benefit trade-off that may help explain why participants had high acceptances of activity trackers despite barriers to acceptance. According to VAM, a consumer's decision to accept is based on their perceived value of the technology. Perceived value is calculated by weighing the perceived sacrifices and the perceived benefits. Examining perceived sacrifices and perceived benefits helps explain the results of our study.
The barriers to acceptance revealed in the heuristic evaluation, dislikes, and negative comments are perceived sacrifices because they pose costs to users. For example, slower learning of the system from inconsistent links or inconsistent navigation bars may cause a time-cost. Time and effort costs were also evident in adding homemade food to the logs. Inaccuracies in data logging could make trackers insufficiently reliable which decreases perceived value in VAM (Kim et al., 2007) . By decreasing perceived value, barriers decrease acceptance.
Perceived benefits are facilitators to acceptance. They were revealed in likes, benefits, and positive commentary of the field study findings. For example, the final interview revealed the PEOU benefit of the Fitbit One's automatic logging of physical activity. Participants also discussed encouragement and awareness of their food intake, exercise, or habits in general as PU benefits. This awareness would help with daily decisions (e.g., food selection). These potential uses were commonly reported and appear to be why older adults would overcome potential usability issues, in accordance with the cost-benefit trade-off of VAM.
Perhaps older adults outside of this study are not tracking healthy behaviors using activity trackers because of an unwillingness to risk the initially unknown PEOU difficulties without the clear benefits of PU. This study revealed what these usability difficulties and benefits are; the VAM framework suggests that minimizing the associated costs and maximizing benefits will likely increase acceptance. Aside from design considerations, deployment and training strategies that target older adults may help minimize costs and maximize benefits.
Based on the barriers and facilitators to acceptance revealed in this study, possible deployment and training strategies are provided in Table 4 . Interventions could be directly implemented by activity tracking companies. For example, an advertisement by an activity tracker company could show older adults using the food tracker to watch sodium intake. Indeed, advertisements like the short promotional videos used in our study may influence initial attitudes. In addition, other stakeholders in older adult health care, especially in preventive healthy habits and in chronic condition management, can also provide these implementations. For instance, an insurance company could send out pamphlets to individuals over the age of 65 that lists monitoring nutritional intake as a benefit of activity trackers. Instead of solely through design, human factors interventions in deployment could increase perceived value and promote the acceptance of activity trackers by older adults. Furthermore, these interventions may be modified for other consumer health information technologies that help users maintain health and focus on wellness (i.e., not urgent disease management). The term wellness management technology may best encompass this class of health technologies that includes activity trackers. Other wellness management technologies should be included in future research.
Limitations and Future Research
In developing interventions that could increase activity tracker acceptance by older adults, the limitations of this study should be considered. First, due to the nature of the interview method, observer effects and demand characteristics might have resulted in more positive than negative comments (although the participants certainly had negative comments). Second, participants were not provided training on how to use corresponding smart phone apps. As only one participant mentioned using an app or phone during the study, it is unlikely that many of participants used these apps. However, future research should examine the usability of app platforms for older adults using activity trackers. Third, the participants in this study reported generally being in good health. Because health is a predictor in senior technology acceptance models (e.g., STAM; Chen & Chan, 2014) , future studies should consider the role health has in wellness management technology acceptance by assessing attitudes of less-healthy individuals. Finally, participants were selected from a database of older adults who agreed to test out products in their homes and were required to have a computer in their homes. It is possible that our participants may have been more experienced and interested in technology in general than other groups of older adults. Consequently, the recruitment strategy used in this study may have favored early adopters of new technologies (Rogers, 2003) . In addition, although we did not directly measure social influence processes (e.g., subjective norm, image), nor did participants mention them, these constructs may affect the PU of wellness management technologies for older adults (Venkatesh & Davis, 2000) and should be investigated further. Depending on their health, technology experience, and social influences, older adults may require different training and deployment strategies to alleviate unique difficulties that were not revealed in this study.
Strengths of Study
The many strengths of this study contribute to an underexplored area of research. Using multiple assessment methods, this study revealed the different barriers and facilitators that have a role in the acceptance of one type of wellness management technologies by older adults. Participants used their activity trackers frequently, which allowed for the elicitation of rich, wellinformed opinions. Moreover, this study collected older adults' acceptance measures after a 28-day field study with their technology, which many studies have not done (Peek et al., 2014) . Longitudinal designs are important in acceptance research because they demonstrate changes over time, such as polarization after usage or other relevant trends. 
Perceived value element Intervention
Decrease reliability costs by improving accuracy on the automatic tracking devices
The first few times a user views a sleep or step log, inform the users on that log page that if the numbers look wrong, sensitivity setting adjustments can help improve accuracy, and direct the user to those settings. Decrease time and effort costs by improving navigation
In an initial start-up video, show users that the navigation bar changes in certain contexts and where they can always click to return to their homepage. Decrease time and effort costs when adding to the food tracker log
An introductory video should guide users step-bystep, through adding a food, deleting accidental errors without restarting the log anew, entering a unique food, and reusing frequently consumed foods. This video could be available for reference when users add their first entries for users to follow along with in real time. Decrease learning costs and increase potential uses by gradually easing users into the format and into less commonly explored features Ease users into learning the many different trackers and settings. For example, for the first few days of logging in, new videos or pop-up labels could explain features, starting with the most important on the first days and continuing with less critical features on later days (e.g., first activities and foods, then custom trackers, then greeting changes). Increase personal benefits by improving communication of usefulness with older adults Include older adults in advertisements and market on media streams older adults frequently encounter. Explain how older adults can personally benefit. For example, for older adults monitoring diet intake (e.g., sodium or sugar), explain that the calorie tracker also records nutritional values. Decrease financial costs and make benefits more tangible Allow free trial-use periods, enabling older adults to know that they will like the technology prior to buying and enabling older adults to experience the benefits for themselves.
Conclusion
Although using activity trackers could be beneficial for older adults, usage of these technologies by this population has been limited. The present results suggest that this may not necessarily be because older adults are not willing to use them. Rather, it could, in part, be due to their lack of awareness about activity trackers and concerns about potential costs (financial, time, effort). Training and deployment strategies that can explain benefits and minimize cost could help increase usage. Potential strategies include the following:
• • Communicating personal benefits to the older adult population specifically, • • Creating tutorial videos that ease users into learning difficult or new features, • • Adding navigation and accuracy hints to initial start-up guides, and • • Allowing for trial-use periods.
Implementation of these acceptance-promoting strategies could help activity trackers reach the older adult population. The acceptance of wellness management technologies by older adults will become increasingly important as the population continues to age and as health care self-management continues to increase.
